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NOMENCLATURE

CR Residuary Resistance Coefficient

CW  Wavemaking Resistance Coefficient

FN  Froude Number

L Ship length

P Effective Power
E

X Distance from forward Perpendicular to the center of Volume for the
Pod and strut

T) Pod influence factor (CW (with a pod)/C (without a pod))

ENGLISH/SI EQUIVALENTS

1 degree (angle) - 0.01745 rad (radians)

1 foot - 0.3048 m (meters)

1 foot per second - 0.3048 m/sec (meters per seconQ

1 inch - 25.40 mm (millimeters)

1 knot - 0.5144 m/s (meters per second)

1 lb (force) - 4.448 N (Newtons)

I lb (force) - inch - 0.1130 N'm (Newton-meter)

1 long ton (2240) - 1.016 metric tons, or 1016 kilograms

1 horsepower - 0.746 kW (kilowatts)
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ABSTRACT

A series of resistance and longitudinal wavecut experiments were
performed with Model 5359-5B, representing a DD963 hull at the David
Taylor Naval Ship R&D Center (DTNSRDC) to investigate the change in
resistance caused by varying the longitudinal position of a single
propulsion pod. Sharma's I method of bulb optimization was used in an
attempt to find the optimum longitudinal pod position. The experimental
results indicate that the pod could be located between 80 to 90 percent
of the ship length with virtually no change in total resistance. It was
found that Sharmas method could not be used to determine the optimum
pod location.

ADMINISTRATIVE INFORMATION

This project was authorized and funded by the Naval Material Command (NAVMAT)

Ship Performance and Hydromechanics Program under Program Element 62543N, Sub-

project Number 421-100-200, Work Unit Number 1507-101-22.

INTRODUCTION

There is considerable interest in using propulsion pods external to the hull

to power surface ships instead of the conventional system of using propeller shafts
and struts with the propulsion machinery internal to the hull. The propulsion pods

contain the electric motors to drive the propellers. Since the ship engines are

not mechanically connected to the propellers (except through electric power lines),

the engine rooms may be placed anywhere in the ship, similarly the location of the

propulsion pods on the hull is flexible.

Due to its large size, it is expected that the pod has a considerable effect

on the resistance of the hull. Therefore, the purpose of this project is to investi-

gate the effects on resistance due to changing the longitudinal position of a single

propulsion pod on a typical surface ship hull, and to determine the optimum pod location.

Because the pod is similar in size and shape to a bow bulb, the pod may have

a noticable effect on the wavemaking resistance of the hull. If the wavemaking

resistance of the pod is significant, and if the trends of the wavemaking

resistance versus pod position agree with the trends of the residuary resistance,

it may be possible to determine the optimum pod location by minimizing the

wavemaking resistance.

We have a number of design tools that can optimize a hull by minimizing its
1

wavemaking resistance. One method, developed by Sharma, can optimize the
iReferences are listed on page 6.



longitudinal position of a bulbous bow. This method can also be applied to a

propulsion pod. Sharma's method has a higher probability of success than the other

optimization methods because it makes only one assumption - that the wave spectra

of the hull and pod are linearly superimposed. Therefore, Sharmas method is used

to determine the optimum longitudinal pod location.

The experimental program consists of a series of resistance and longitudinal

wavecut experiments performed on a model representing a DD963 class hull form

fitted with a single centerline mounted propulsion pod. The pod is positioned in

four different longitudinal locations between 80 and 95 percent (X/L = 0.80 and

X/L = 0.95) of the ship length aft of the forward perpendicular.

The results of the resistance and wavecut experiments are presented in this

report. The results from using Sharma's method to optimize the longitudinal pod

position are also included.

EYPERIMENTS

MODELS

Model 5359-5B represented a DD 963 class variant built to a scale ratio of

24.824. Table I shows the principal dimensions of the ship and model, Figure 1

shows the stern lines, and Figures 2 and 3 show photographs of the model with the

pod in the four longitudinal positions and without the pod. The hull of Model

5359-5B was raised slightly along the centerline, compared to the DD 963 hull form,

to give more clearance for centerline mounted propellers. The displacement of the

model without the propulsion pod corresponded to a full scale displacement of

7892 t (7768 tons) and a even keel draft of 5.93 m (19.44 ft). The displacement

of the model with the propulsion pod corresponded to a full scale displacement of

7971 t (7845 tons), and an even keel draft of 5.93 m (19.44 ft). The only

appendages on the model were the sonar dome and the pzjpulsion pod.

A single centerline mounted propulsion pod model was used in the experiments.

Drawings of the propulsion pod are shown in Figure 3. The pod shape was a Series

58 body of revolution. The pod size was determined from data that was supplied

by the DTNSRDC Frnergy Office for a contrarotating propulsion pod containing

technologically advanced machinery, with a delivered power of 60 mW (80,000 hp) at

140 rpm. The strut length was sized so that if the pod propellers were at the

same longitudinal position as the propellers in a conventional (shafts and struts)

arrangement, the propeller centerlines would be at the same depth.

2



TEST MATRIX

The propulsion pod was placed in four different longitudinal positions. The

pod positions were given as ratios of the distance from the forward perpendicular

to the center of volume of the pod and strut, to the model length (x/L). The pod

positions were x/L = 0.95, 0.90, 0.85, and 0.80. The pod position x/L = 0.90 is

referred to as the standard pod position because the pod propeller would have been

in the same longitudinal position as a propeller driven through a conventional

shafting arrangement.

The resistance and the longitudinal wavecut experiments were performed on the

model with the pod in each of the four different longitudinal positions and with

the pod removed over a speed range of 5.2 m/s (10 knots) to 17 m/s (33 knots). The

longitudinal wavecuts were taken both during and after the resistance experiments.

EXPERIMENTAL PROCEDURE

The resistance values were measured using a block gauge. The resistance

values were extrapolated to the ship scale using the ITTC correlation line with a

correlation allowance of 0.0005. It should be noted that the wetted surface for

the model with the pod includes the wetted surface of the pod and strut. The

draft of the model was held constant for both the model with and without the pod.

Therefore, the model without a pod has a lower d1isplacement than the model with a

pod.

The longitudinal wavecut data measurements were taken with a wire waveprobe.

The wavemaking resistance was calculated from the wave spectra which was derived

from the wavecut data using the Newman-Sharma method. Since it is impossible to

take an infinitely long longitudinal wavecut record in a model basin without getting

interference from the waves reflected by the basin sides, the wavecut data records

were truncated in length, and a truncation correction applied to compensate for the

non-infinite record length. A more detailed description of this procedure is given

2
in Reed

DISCUSSION OF RESULTS

RESISTANCE EXPERIMENTS

The effective power (P E) values associated with the various model and pod

configurations are shown In Figure 4 and Tables 2 to 6. The pod configurations

3



include x/L = 0.95, 0.90, 0.85, and 0.80; and the model without a pod. Figure 5

shows the curves of the P values for the ship with the variu., pod positions
E

divided by the PE values for the ship with pod at the standard pod position of

EEx/L = 0.90. The standard pod position was chosen to normalize the PEvalues since

the pod propellers would be in the same longitudinal position as the propellers in

a conventional propeller shafts and struts configuration arrangement. There is

virtually no difference between the PE values for the three forward pod positions

(x/L = 0.90, 0.85, and 0.80). The PE values for the aftmost pod configuration

EkxL .9) r slightly higher than the PE values for the other pod positions.

The differences between the PE values for the ship with the three most forward pod

positions are within 1 percent of each other. It should be noted that, for

resistance experiments, the experimental accuracy is considered to be +1 percent.

Therefore, the P values for the ship with the three most forward pod positions are

considered to have nominally the same values.

The PE values for the ship with the aftmost pod position are as much as 2.7

percent higher than the PE values for the ship with the pod at the standard

position. It should be noted that, when the pod is in the aftmost position, part

of the pod extends aft of the transom. The pod may be effecting the flow off the

transom; this could explain its higher PE values compared to the PE values for the

ship with the other pod positions.

Figure 6 shows the curves of the residuary resistance values, CR9 associated

with the various pod positions. The CR curves of the model with the pod in

various positions have shapes similar to that of the CR curve of the model without
the pod. Figure 7 shows the curves of the CR values of the model with a pod

normalized by the C values of the model with the pod at the standard position
R

(x/L = 0.90). Since the wetted surface is constant regardless of the pod position,

the trends of these curves are similar to the trends of the PE (with pod)/P E

(standard pod position) curves shown in Figure 5.

WAVEMAKING RESISTANCE COMPUTATIONS

The curves of the wavemaking resistance coefficient values, CW, associated

with the various ship and pod configurations are shown in Figure 8. The CW values

are calculated2 from the wave spectra which are derived from the longitudinal wave-

cut data. Figure 9 shows the curves of the CW values for the ship with a pod

normalized by the CW values for the ship with the pod at the standard position.

4



A comparison of the curves of the CR and the CW values shows that there is no

correlation between the minimum wavemaking resistance and the minimum residuary

resistance. For example, above FN = 0.32, the model with the pod in the aftmost

position has the lowest CW values of all of the model and pod combinations; however,

above FN = 0.22, it has the highest CR values of all of the model and pod

combinations. Between FN = 0.24 and F N = 0.32, the model with the pod in the

standard position has the highest CW values; yet over the same speed range it has

either the lowest or next to the lowest CR values of the four pod positions. These

examples indicate that the values of the components of the residuary resistance

other than the wavemaking resistance, such as the form drag and local wave drag,

show large enough changes to offset the trends in the wavemaking resistance values.

This implies that if the pod location is optimized by minimizing the wavemaking

resistance, the total resistance for the ship with the pod in the optimized

position may be higher than the total resistance for the ship with the pod in the

original position. Therefore, an attempt to optimize the pod location by minimizing

the wavemaking resistance will be unsuccessful.

The above indicates that an optimization technique based on minimizing the

wavemaking resistance, such as Sharmas method, would not be successful in minimizing

the total resistance. However, the results of the analysis using Sharmas method are

presented below to help show the effects of pod position on the wavemaking

resistance of the ship.

Since Sharmas' method requires only one wavecut of the model with the pod to

find the optimum pod location for a given speed, the results of Sharmas method using

a wavecut of the model with the pod in one position can be compared to the results

of Sharmas' method using a wavecut of the model with the pod in a different position.

Figure 10shows the curves of the pod influence factor versus the pod longitudinal

location for three different speeds: 10.3 m/s (20 knots), 13.4 m/s (26 knots), and

16.5 m/s (32 knots). These three speeds correspond to Froude numbers of 0.26,

0.34, and 0.41. The pod influence factor, n, is the ratio of the predicted wave-

making resistance of the model with the pod in a given position to the wavemaking

resistance of the model without a pod.

Ideally, the results of Sharma's method should be the same whether the

original pod location is at x/L = 0.95 or at x/L = 0.80. A comparison of the n

curves shown in Figure 10indicates that the results of the Sharma method of analysis

are highly dependent upon the original pod position. For example, at F = 0.26,n



L-2

the results of the analysis using the wavecut data with the pod in the aftmost

position show that the optimum pod location is at x/L = 0.92; however, the results

of the analysis using the wavecut data with the pod in the standard position

indicate that x/L = 0.92 is one of the worst locations for the pod. This

indicates that Sharma's method of bulb optimization cannot determine the optimum

longitudinal pod position, for the configuration explored here. One possible

explanation for the lack of success of Sharma's method is that the linear super-

position assumption may not hold here. This may be a result of the stern shielding

the pod from the free surface.

CONCLUSIONS

1. There is virtually no difference between the PE values for the ship with the

propulsion pod in the three forward most positions (x/L=0.90, 0.85, and 0.80).

The PE values for the ship with the propulsion pod in the aftmost position

were higher than the PE values for the ship with the other pod positions above

8.2 m/s (16 knots):

2. Above 12.3 m/s (24 knots), the ship and pod configuration with the lowest

wavemaking resistance had the highest total resistance indicating that the pod

longitudinal position cannot be optimized by minimizing the wavemaking

resistance alone.

3. Sharmas' method of bulb optimization does not predict correctly the optimum pod

longitudinal position for minimizing the wavemaking resistance.

REFERENCES

1. Sharma, S.D., "An Attempted Application of Wave Analysis Technique to Achieve

4Bow-Wave Reduction", Sixth ONR Symposium on Naval Hydrodynamics. pp. 731-733

(1966).

2. Reed, A.M., "Documentation for a Series of Computer Programs for Analyzing

Longitudinal Wave Cuts and Designing Bow Bulbs", DTNSRDC/SPD-0820-OI, June 1979.
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x/L = 0.95

x/L - 0.90 (Standard Position)

x/L = 0.85

Figure 2 - Photographs of Model 5359-5B With the Various
Propulsion Pod Configurations
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-7:

x/L = 0.80

No Pod

Stern View With x/L = 0.90

Figure 2 - Photographs of Model 5359-58 With the Various
Propulsion Pod Configurations (continued)
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x/L * 0.95 x/L u 0.90 x/L 0.85 L
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POD LONGITUDINAL LOCATIONS

NACA 4 Digit Series Section
Center of Volume of I Thickness = 1.22 m (4.0 ft)
The Pod and Strut 7.32 m (24 ft)

Max Pod Diameter

44" 2.44 m (8.0 ft)3.6m

.1 ___ __8.1m (26.6 ft)

.!18. 3 m (60 f ) Q.._(6 6 t

DIMENSIONS OF THE POD AND STRUT

ALL DIMENSIONS ARE AT THE SHIP SCALE

Figure 3 - Pod and Strut Locations and Dimensions
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TABLE 1

Principal Dimensions of Ship and Mokdel

SHIP MODEL

Length 161.1 m 530 ft 6.510 m 21.36 ft

Displacement 7892 t 7768 tons 502 kg 1107 lbs

(no pod)

Displacement 7971 t 7845 tons 505 kg 1113 lbs
(with pod)

2 2 2 2
Wetted 3340 m 35951 ft 5.42 m 58.34 ft
Surface
(no pod)

Wetted 3480 m 2  376 t2 5.52 60.79 ft 2

Surface
(with pod)

Scale ratio =24.824
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMURANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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